DURING DETAILED studies of complex manifestations of concealed atrioventricular (AV) conduction in dog hearts, Moe et al.
DURING DETAILED studies of complex manifestations of concealed atrioventricular (AV) conduction in dog hearts, Moe et al. 1 described the following phenomenon. When a series of three atrial premature beats (A,, A s , A 4 ) was elicited after the atria had been driven at a constant cycle length (A,) a narrow zone of A,-A, and A^A, intervals was delineated wherein conduction of A 4 to the ventricles was dependent upon the presence of A,. It has since been referred to as the 1, 2, 3, 4 phenomenon. Moe et al. considered three possibilities to explain this phenomenon: supernormality, dual pathways in the AV node, and horizontal dissociation within the AV node. They concluded that facilitation of conduction of A 4 by A, most likely was due to the presence of dual AV pathways. 3 More than a decade has elapsed without confirmation of their classic description of this unique manifestation of concealed conduction. Recently we undertook to reproduce the phenomenon in intact dog hearts, using multiple atrial electrograms and His bundle recordings to further elucidate the mechanism responsible for the phenomenon. Our data, although confirming the facility with which the finding can be reproduced, also suggest that the underlying mechanism by which A, facilitates conduction of A 4 is not due to dual AV nodal pathways but is analogous to a gap phenomenon 1 in the AV node; that is, an increase in proximal delay in conduction of A t caused by the presence of A, permits distal segments to recover sufficiently to allow conduction of A« to the ventricles.
Methods
Studies were performed on 16 mongrel dogs (8-18 pounds), anesthetized with a-chloralose (100-200 mg/kg, iv). The trachea was cannulated and ventilation with room air maintained by a Harvard respirator. After a midsternotomy, bilateral sympathectomy was performed by extirpation of both stellate ganglia and dorsal sympathetic chains. The pericardium was opened and the heart sus- 400  700  600  400  300  340  500  450  400  400  390  380  390  500  380  500   439   A,-A,  (msec)   200  280  220  140  130  160  200  205  200  240  170  160  170  150 stimulation. Selected bipolar electrograms, lead II of the electrocardiogram, and time lines generated at 10 and 100 msec were simultaneously displayed on a multichannel oscilloscope (Electronics for Medicine, model DR 12) and recorded on a magnetic tape (tape speed, 3% inches/sec). Data were subsequently transferred to photographic paper at a paper speed of 150 mm/sec. Measurements of intervals between electrograms were made with reference to the atrial electrogram in the His bundle tracings.
Stimulation was accomplished by use of a programmable digital stimulator that delivered rectangular pulses 1.5 msec in duration and twice diastolic threshold in amplitude.
PACING TECHNIQUES
1. The high right atrium between the sinus node and Bachmann's bundle was paced at a basic cycle length (Ai-A,). After every 8th paced beat, a premature atrial depolarization (A,) was elicited at progressively decreasing A,-A, intervals up to the point at which A, did not conduct to the ventricles. The A,-A, interval was then increased by increments of I msec to the point at which A, consistently conducted to the ventricles with the longest obtainable Aj-H, interval. The A,-A, interval was kept constant at this value. 
2.
Another premature atrial depolarization, designated A 4 , was introduced at the longest A,-A 4 interval at which A 4 consistently failed to conduct to the ventricles. Under these conditions the entire A,-A 4 interval was scanned by still another premature atrial depolarization (A,), the timing of which was changed by increments or decrements of 2-5 msec.
3. Within critical zones of A,-A, (or Ai-At) intervals conduction of A« to the ventricles occurred in the presence of A, but not in its absence.
4. At constant A,-Aj intervals, the Ai-A 4 interval was progressively decreased by 2-5 msec until A, failed to conduct to the ventricle even in the presence of A,. This allowed definition of the earliest zone of facilitation of conduction of A, by A, at a given A,-A a interval. At the same constant A,-A| intervals, the A,-A 4 intervals were progressively increased by 2-5 msec, and for each increment Aj was omitted and then reintroduced. The A,-A 4 interval at which A 4 conducted to the ventricles in the absence of A, defined the outer limit of facilitation by A,. The Ai-A 4 interval was continuously increased by 5-to 10-msec increments, with and without A, during each increment, until conduction of A 4 to the ventricle was unaffected by A,.
5. At a constant Ai-A 4 interval, within the zone of facilitation, the A,-A, interval was incrementally increased and decreased by 2-msec intervals to determine the effect of the timing of A, on conduction of A 4 .
6. In three dogs the sequences of atrial stimulation were repeated at another atrial site, i.e., the coronary sinus.
7. In five dogs, during the A,-A 4 intervals at which A 4 conduction to the ventricle was facilitated by the presence of Aj, the right ventricle was preexcited before H, to determine whether, in the absence of A», conduction of A 4 to the ventricles would occur because of early retrograde depolarization of some portions of the AV node.
Results
The results of all 16 experiments are summarized in Table  1 In three dogs the site of atrial stimulation was changed from the high right atrium to the coronary sinus and in each case facilitation of conduction of A, by A 3 was reproducible at the two different pacing sites.
In five dogs there was an apparent or pseudofacilitation of A, conduction that, on closer examination, was found to be caused by one of the following: (I) latency between S. and the A 4 response (two dogs), (2) conduction of a sinus node echo beat after block of A 4 in the AV node (two dogs), and (3) conduction of an atrial escape beat after A 3 (one dog).
An example of pseudofacilitation that resulted from significant latency between S, and its A 4 response is illustrated in Figure 6 . Panel A demonstrates that at S,-S 4 and A,-A t intervals of 415 msec. A, conducted normally to the ventricles in the absence of A,. In panel B, A 4 blocked in the AV node at Si-S 4 and Ai-A t intervals of 405 msec. In panel C, the S l -S < interval is the same as in panel B (405 msec) but the presence of A, caused a latency of 40 msec between S,-S 4 and their atrial responses. The resultant Ai-A 4 interval measures 445 msec and is greater than that at which A 4 normally would have conducted to the ventricles in the absence of Ai (compare panels A and C). Figure 7 illustrates an example of conduction of a sinoatrial echo beat resulting from A s at a time when the atrium was refractory to the S, stimulus.
In five dogs, all of which demonstrated the 1, 2, 3, 4 phenomenon, facilitation of conduction of A, in the absence of A, could be achieved by coupling a premature ventricular beat (V,) to the preceding A|. It was necessary for the A,-V. coupling interval to be such that the AV node was simultaneously depolarized antegrade and retrograde by the A, and V, impulses, respectively. This was judged to be the case when the retrograde His bundle depolarization (H,') occurred earlier than the anticipated antegrade H a (i.e., H,-H,' < H,-H,). Examples are presented in Figures 8 and 9 , which show that when the AV node was depolarized both antegrade by A, and retrograde by a premature ventricular beat, conduction of A 4 was facilitated. Facilitation by a premature ventricular beat always resulted in A 4 -H 4 intervals which were not only shorter than those at which A 4 normally conducted to the ventricles on its own (Fig. 8) but also shorter than those resulting from facilitation by A, (Fig. 9 ). These observations are consistent with so-called "peeling back" of refractory period of the AV node.
1
Discussion
The results of our study confirm previous observations made by Moe et al. 1 over a decade ago. They used only atrial and ventricular electrograms as markers and proposed that the mechanism underlying the 1, 2, 3, 4 phenomenon occurred in the AV node. The following observations from both studies support the proposal that facilitation occurs within the AV node:
1. A| blocked proximal to the His bundle recording site. nodal echo beats would be expected to be from the low-to-high atrium or similar to that seen during retrograde activation of the atrium through the AV node.
3. The third major difference was the relative frequency (five of 16) with which pseudofacilitation of A 4 was induced by one of the three mechanisms mentioned above.
Moe et al. discussed three possible mechanisms to explain the 1, 2, 3, 4 phenomenon; these included supernormality, dual AV nodal conduction pathways and a phenomenon of "horizontal" dissociation within the AV node. For this latter phenomenon it was proposed that A 4 , in the absence of A,, blocked in some distal portion of the AV node. In the presence of A,, which also blocked in the AV node, A 4 was delayed in the wake of A, and arrived at the distal and previously refractory portion of the AV node after it had recovered more completely. Thus, propagation to the ventricles was possible. This mechanism for facilitation of A 4 is analogous to the so-called phenomenon of gap in AV conduction.*"" Moe et al. considered the presence of dual AV nodal pathways as the most attractive hypothesis to explain the 1, 2, 3, 4 phenomenon. Their conclusion was based primarily on two observations: one was the occurrence of atrial echo beats believed to be due to AV nodal reentry and the other was the effect of Aj on AJ-VJ conduction time. They observed that, in the presence of A,, the V r V , intervals were shorter than in the absence of A,. They concluded from these findings that A s engaged a fast pathway and either arrived within a final common pathway in advance of A, or "summed" with A, within the final common pathway. In either case, the resultant V,-V 2 intervals were shorter in the presence of Aj. Conduction of A, via a fast pathway also prevented reexcitation of the AV node by an AV nodal echo beat generated from the A, response. The latter in turn resulted in a "peeling back" of AV nodal refractoriness to a degree that made propagation of A 4 possible.
Against the hypothesis that a dual AV nodal pathway explains the I, 2, 3, 4 phenomenon are the following: (1) the absence of manifest AV nodal echo beats in our studies, and (2) the presence of constant A,-H s , H,-H,, and V r V , intervals throughout the entire zone of facilitation of A 4 by A,. If A, engaged a faster conduction pathway and arrived in the lower common pathway in advance of A,, the A,-H,, Hi-H,, and V r V , intervals would have been shorter in the presence of A,; in this study this never was the case. Furthermore, if Aj caused "peeling back" of AV nodal refractoriness as described above, it would be expected that, at A r A 4 intervals at which A 4 conducted on its own, the resultant A 4 -H 4 intervals would have been shorter in the presence of A,. In this study the opposite was found. However, when so-called "peeling back" of AV nodal refractoriness was produced by premature ventricular stimulation in the absence of A, (Figs. 8 and 9 ) the expected findings of shorter A 4 -H 4 intervals were observed. Facilitation by premature ventricular stimulation produced shorter A 4 -H 4 intervals than did facilitation by A,. Thus, it appears unlikely that "peeling back" of A V nodal refractoriness as a result of dual AV nodal pathways was the mechanism involved in facilitation of A 4 by A,.
We therefore favor as the explanation for the 1, 2, 3, 4 phenomenon a mechanism referred to by Moe as horizontal dissociation within the AV node and one that has been invoked to explain certain types of gaps in AV conduction. In the absence of A,, A 4 is blocked in some part of the AV node, perhaps the distal portion. The introduction of Aj, which also blocks in the AV node, causes A 4 to be delayed in the wake of A,. During proximal delay of A 4 , the distal and previously refractory portion of the AV node has sufficient time to recover. Later arrival of A 4 in the more fully recovered nodal tissue results in its propagation to the ventricles. Consistent with this proposed mechanism is the fact that the delaying effects of A, also are seen within a range of A,-A 4 intervals during which A 4 conducts on its own.
Although this study has n6t proved unequivocally that the mechanism underlying the 1, 2, 3, 4 phenomenon is analogous to a gap mechanism, or the horizontal AV dissociation of Moe, the data presented speak strongly in its favor.
